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Abstract
Effective cleaning strategies in a food processing facility play an important 
role in reducing food borne illness or economic losses associated with 
spoilage. In this study, the efficacy of cleaning practices was assessed 
by studying the bacterial population present before and after sanitation 
in a fluid milk processing environment. The bacterial population was 
studied using 16S rRNA amplicon metagenomics sequencing of the 
V1-V3 regions. Relative abundance of varying levels(0.01-99%)were 
found in the various processing facility environmental samples. Genera 
such as  Paenibacillus, Viribacillus and Lysinibacillus that can cause food 
spoilage in cold-stored products were found on product contact surfaces 
before and after sanitation. Listeria and Yersenia  were found on personal 
protective equipment but were not found on product contact surfaces. 
There were overlapping bacterial communities between various zones 
of the processing facility. Zones that were in contact with product had 
significant overlapping bacterial communities (ANOVA p<0.05) and the 
zones that were in close proximity to the product contact surface within 
the processing environment. While there were no overlaps between 
product contact surfaces and zones that were outside the processing area. 
Results from this study provide an overview on the efficacy of the cleaning 
process in the fluid milk processing facility, and how next generation 
sequencing can be utilized to improve sanitation.
Keywords: Dairy Environment; Spoilage Organism; Cleaning; Efficacy; 
Amplicon Metagenomics; Overlapping Otus
Introduction
Effective cleaning procedures are essential for safe and high-quality food 
production. Use of the same cleaning agents and sanitizer over a period of 
time can result in increased resilience of resident microbial communities 
[1]. Food processing environments can harbor both spoilage and/or 
pathogenic microorganisms, resulting in contamination of the food 
product [1]. This in turn could lead to safety and quality issues for 
consumers by either causing sporadic illness, an outbreak of food borne 
illness or by shortening the shelf life of the product and product spoilage. 
Either scenario can be economically devastating to the food industry. 
Therefore, it is critical to identify the root cause of the pathogenic and 
spoilage organisms in the processing facility to subsequently enhance 
public health and protect food quality. Because these are critical 
considerations to public health, the Food and Drug Administration’s 
(FDA) Food Safety Modernization Act (FSMA) includes extensive 
environmental monitoring as part of their food pathogen surveillance 
strategy and has recommended that food processors conduct extensive/
exhaustive monitoring of their facility [2]. Additionally, FDA gathers 
samples are investigative purposes to better understand outbreaks and 
stop them vital to public health. For example, FDA employs a swab-a-
thon strategy for facility monitoring, where up to 500 swabs depending 
on the production capacity of the facility are collected and investigated for 
the presence of food pathogens.
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Food processing environmental programs currently use traditional culture 
dependent techniques to locate the pathogen or spoilage microorganism 
in the food processing environment. Although, these methods are highly 
effective, they are cumbersome and require selective isolation and can take 
days before getting the results [3,4]. More importantly, microorganisms 
exist as complex communities, rather than as single colonies. Culture 
dependent work involves, selective isolation and methods are biased 
to the microbial community that are culturable, leaving behind the 
non-culturable microbial population. To avoid these pitfalls, amplicon 
metagenomics sequencing or metagenomics sequencing are an alternative 
approach, which is culture independent, fast, and relies on the genomic 
content for both culturable and non-culturable microbial populations to 
determine the identity of micro flora from the processing environment 
[5,6,7]. Use of these techniques to periodically monitor the processing 
facility environment will provide insights into the microbial matrix in 
which the spoilage or pathogenic microorganism are resident. 
Most of the research in microbial profiling and community analysis are 
based on amplicon metagenomics or metagenomics has been done in 
the field of environmental science or the human micro biome [8,7,9]. In 
food supply chain surveillance, genomics has been primarily serving as an 
investigative tool for pathogen detection, source tracking, and microbial 
profiling of spoilage organisms and pathogens in the food processing 
environment [10,11,12,13,14,15,16,17,18]. However, studies that 
demonstrate the approach to determining the microbial communities in 
food production facilities are limited. The aim of this study was to evaluate 
the efficacy of the cleaning procedures in a fluid milk processing facility 
by assessing the change in the bacterial community before and after the 
cleaning process. To accomplish this objective, the V1-V3 region of the 
16S rRNA gene amplicon was chosen and sequencing was used to study 
the bacterial communities. 16S rRNA is deemed as the most powerful 
and cost-effective marker for the identification of the bacteria and to 
conduct phylogenetic studies[12]. The results provided information on 
theabundance and overlapping patterns of bacterial communities in the 
various zones within the fluid milk processing facility before and after 
cleaning. The insights obtained from these data will have the potential to 
innovate cleaning practices leading to safer, more efficient and sustainable 
food-production [6,19]. 
Materials and Methods
Study Design and Sample Collection
The study was conducted in a fluid milk processing plant in the Mid-west 
of the United States, which is capable of producing 6,000 gallons of fluid 
milk per day. The processing plant milk holding tank, has a capacity to 
hold 1000 gallons of milk. The processing plant was visited three times 
for sample collection from December 2016 to January 2017. During each 
visit, the pre- and post-cleaning samples were collected from the fluid 
milk processing plant before and right after the cleaning procedures were 
conducted. 
The processing plant was divided into four zones based on their contact 
and proximity to the product (Figure 1). Zone1was designated as the 
product contact surface, such as inside of the raw milk tank, inside of 
the pasteurization vat and Zone 2 in close proximity to the product, such 
as, outside of the raw milk tank, outside of the filler nozzle and Zone 3 
was further away from the product, such as processing floor, and zone 
4 outside the processing area, such as access way and service area. The 
microbial pattern of the personal protective equipment (PPE) used by 
personnel working in the processing area was also studied. The sampling 
scheme is summarized in Table 1. Samples from Zones 1, 2 and 3 were 
collected before and after cleaning. Samples from Zone 4 were collected 
during processing, since Zone 4 was outside the processing area and was 
not cleaned every day. The sponge samples from personal protective 
equipment such as boots and gloves were also collected during processing.
Table 1 : Sample ID 
Sample ID (Before 
cleaning)
ID (Before 
cleaning)
Inside of the raw 
milk vat in the 
processing facility
A1,B1,C1 A21,B21,C21
Inside of the 
pasteurized milk 
vat
A2,B2,C2 A22,B22,C22
Inside of the 
3-way valve
A3,B3,C3 A23,B23,C23
Inside of the filler 
nozzle
A4,B4,C4 A24,B24,C24
Outsides of the 
vats holding 
the raw milk in 
processing facility
A5,B5,C5 A25,B25,C25
Outsides of the 
vat holding the 
pasteurized milk
A6,B6,C6 A26,B26,C26
Outside of the 
3-way valve
A7,B7,C7 A27,B27,C27
Outside of the 
filler nozzle
A8,B8,C8 A28,B28,C28
Conveyor belt A9,B9,C9 A29,B29,C29
Storage crate A10,B10,C10 A30,B30,C30
Production floor A11,B11,C11 A31,B31,C31
Garbage can A12,B12,C12 A32,B32,C32
High risk drain lid A13,B13,C13 A33,B33,C33
High risk drain 
liquid
A14,B14,C14 A34,B34,C34
Access Way A15,B15,C15
Service Area A16,B16,C16
Dumpster A17,B17,C17
Gloves A18,B18,C18
Boots A19,B19,C19
Apron A20,B20,C20
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Figure 1: Schematic representation of zones and their proximity to the 
product in the dairy processing plant.
The Clean-In-Place (CIP) procedure for Zone 1 (product contact surface) 
consisted of four steps: Step one was pre-rinse with water (100-110 °C), 
followed by step two, alkaline wash  done with sodium hydroxide at 70 °C 
followed by a  rinse step with water to remove the alkali.  Daily usage of 
sodium hydroxide is about 7.45 gallons for this protocol. This procedure 
was followed by step three, the acid wash with a combination of nitric 
acid and phosphoric acid at 70 0C, and rinsed with water. Daily usage of 
acid is about 4.73 gallons. In step 4, Vortexx sanitizer was flushed through 
the tanks and filling and bottling units and allowed to dry. Daily usage 
of sanitizer is about 1.32 gallons. In Zone 2, the CIP procedure included 
pre-rinsing, brushing the parts with warm water and following the same 
procedure as Zone 1. The ambient temperature of zone 1 and 2 was 7 °C 
throughout the sampling.
Cleaning procedure for Zone 3 included washing the processing floor and 
the garbage can with warm water (110 °C). Ambient temperature during 
sampling of Zone 3 was 25°C.  
The PPE used by the personnel such as boots and apron were washed after 
every shift and the gloves were changed when employees moved between 
processing area and Zone 4. Zone 4, at the trash collection point was 
cleaned by a water wash once every week. Zone 4, ambient temperature 
fluctuated between -1 to 2 °C.
Samples from the processing environment were collected as sponge/swab 
for the inside and outside of equipment surface or liquid samples for the 
drain water. The surface samples from processing equipment and floor 
samples were taken from approximately 900 cm2 using sponge or 100 cm2 
swab pre-moistened 0.1% sterile peptone water. The sponge samples were 
used to cover large surface areas and swabs were used to sample narrow 
surfaces. The samples were transported back to the lab under refrigerated 
conditions for further analyses.
Bacterial Genomic DNA Extraction 
Sponge and swab samples were stomached for 15 minutes to dissociate 
the cells on to phosphate buffered saline. Bacterial cells were recovered 
from the sponge and swab samples suspended in phosphate buffer saline 
by centrifugation at 13,000 g at 4°C for 5 minutes. The cells were then re-
suspended in phosphate-buffered saline and centrifuged for a second time 
at 13,000 g for 2 minutes. For liquid samples, bacterial cells were recovered 
by centrifuging at 13,000 g 4°C for 5 minutes. Power soil microbial DNA 
isolation kit (Mo Bio Laboratories, Inc., Carlsbad, CA) was used for DNA 
extraction and purification according to the manufacturer’s protocol. 
16S  rRNA Gene Sequencing
To characterize the micro biome from the extracted DNA, the V1-V3 
region of the 16S rRNA genes, library preparation and Illumina MiSeq 
sequencing were performed at the Microbiome Sequencing service, 
University of Minnesota Genomics Center, USA, as described by Claesson 
and colleagues [20]. 
16S  rRNA Gene Sequence Analysis
All Illumina MiSeq reads were analyzed using the MOTHUR V.1.38.0 
pipeline [21] to compare microbial communities. To achieve a higher level 
of accuracy in terms of operational taxonomic unit (OTU), reads obtained 
after sequencing which were less than 300nt and quality less than a score 
of 25 were excluded. The taxonomic assignments wereconductedusing 
the Ribosomal Database Project (RDP) 16SrRNA gene database [22].
Overlapping between communities in different zones were performed 
using group comparisons and significance checked using ANOVA (Tukey-
Kramer post-hoc test) The correlation analysis was carried out usingthe 
psych package in the R environment to identify patterns of co-occurrence 
between OTUs. 
Results and Discussions 
Cleaning is an integral part of producing safe food. Studying the microbial 
community present before and after cleaning gives a broad view into the 
efficacy of the cleaning practices in a facility. The dairy processing plant 
was divided into four zones based on their proximity to the product. 
The change in bacterial diversity in the different zones and sharing of 
operational taxonomic units (OTUs) between the different zones were 
assessed for any pattern of similarity. 
16S  rRNA Amplicon Sequencing Data Analysis and Alpha 
Diversity
Illumina 16S amplicon metagenomics analysis of the milk processing 
environment  (n=114) targeting the V1-V3 region of the 16S rRNA resulted 
in 29,049,126 total reads. The microbial pattern was investigated by zones, 
with Zone 1, 2 and 3 within the processing area while Zone 4 outside the 
processing area. The number of operational taxonomic units (OTUs), 
Good’s estimated sample coverage, Chao 1 and Shannon indices were 
obtained for all the samples (Table 2) Supplemental material. This study 
provided a comprehensive analysis of the bacterial diversity associated 
with the fluid milk processing facility. The quality filtering step resulted 
in 90.77 %with an average length of 525bp. The sample coverage was 98% 
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and was deemed satisfactory. The alpha diversity of dairy environmental 
samples showed higher values of diversity indices in Zones 3 and 4 when 
compared to Zones 1 and 2. High diversity in Zones 3 and 4 could be 
related to cleaning, as they are far away from the product, they are not 
rigorously cleaned or cleaned with a higher frequencyin comparison to 
a product contact surface or surfaces that are in close proximity to the 
product.  Zone 1 and 2 diversities reflected the production activity as they 
were predominated with genera associated with the fluid milk. There was 
no significant change in the bacterial composition between the different 
sampling points. 
Sample ID OTUs Chao1 Shannon Estimated sample coverage
(%)
A1 35 1746.29 4.91 99 
A2 21 436.82 2.25 97 
A3 20.2 1178.03 4.91 90
A4 21.26 128.98 2.15 88
A5 79.8 211.98 4.27 90
A6 73.68 432.90 6.37 93
A7 66.9 1189.27 7.30 92
A8 65.33 176.23 6.22 99
A9 41 173.19 1.96 91
A10 37.67 193.24 1.46 81
A11 121.02 834.28 2.10 99
A12 182 673.63 4.19 98
A13 191.29 266.97 4.03 97
A14 178.36 1123.83 2.11 98
A15 207.93 632.23 5.31 98
A16 189.33 398.34 4.34 90
A17 287.30 987.24 1.97 99
A18 18.28 234.78 2.40 99
A19 47.21 187.39 2.83 99
A20 29.33 264.78 3.71 97
A21 20.29 345.89 2.86 93
A22 17.78 136.98 1.78 99
A23 19.13 167.26 3.11 99
A24 15.32 129.32 2.27 91
A25 57 263.19 2.50 99
A26 63.6 163.21 1.96 80
A27 59.39 297.14 5.42 99
A28 43.29 732.45 5.34 91
A29 27.30 187.33 4.31 90
Table 2: Number of operational taxonomic units (OTUs), Good’s estimated sample coverage, Chao 1 and Shannon indices
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A30 31.26 142.34 2.98 99
A31 108.21 138.45 2.16 94
A32 167.22 294.32 2.84 93
A33 170.36 187.44 2.41 80
A34 175.33 175.42 2.79 99
B1 43.2 983.21 7.30 97
B2 18.49 456.29 5.61 98
B3 20.87 171.34 3.76 98
B4 19.29 152.93 3.98 90
B5 83.2 163.78 6.31 99
B6 75.21 125.34 5.13 99
B7 59.32 163.21 2.15 99
B8 68.31 166.32 6.32 97
B9 37.21 238.13 3.11 93
B10 29.31 164.37 2.10 99
B11 117.19 674.45 5.41 99
B12 192.32 327.31 2.15 98
B13 206.10 194.32 2.67 90
B14 198.31 173.54 1.98 99
B15 213.44 154.35 1.87 99
B16 193.21 238.32 2.30 90
B17 300.10 354.13 2.28 97
B18 12.3 187.32 2.19 93
B19 37.27 156.23 2.09 93
B20 22.92 234.56 1.98 86
B21 22.37 178.35 2.18 90
B22 19.21 166.89 4.19 94
B23 15.87 153.95 2.09 93
B24 12.39 228.45 4.82 99
B25 50.32 397.42 4.18 87
B26 62.31 567.34 2.89 99
B27 63.22 570.32 2.37 94
B28 49.21 163.44 5.87 93
B29 22.29 219.28 2.39 99
B30 24.21 134.97 2.46 96
B31 119.23 120.32 5.93 99
B32 187.21 131.34 2.86 83
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B33 196 234.34 2.11 99
B34 203.17 761.35 3.06 99
C1 49.02 1169.42 4.39 98
C2 20.49 123.31 3.18 99
C3 19.46 546.09 3.06 91
C4 20.91 237.82 1.27 99
C5 79.33 976.37 1.98 99
C6 69.25 188.36 2.87 98
C7 60.24 290.37 2.16 98
C8 70.31 433.64 2.40 98
C9 30.22 498.37 1.98 98
C10 27.31 1184.59 2.22 99
C11 118.02 1353.47 2.29 98
C12 180.18 289.34 3.10 98
C13 197.23 142.86 2.98 86
C14 173.19 387.20 2.34 99
C15 211.34 149.23 2.19 99
C16 179.32 165.29 6.81 99
C17 310.32 349.26 2.93 99
C18 20.32 160.37 2.87 99
C19 39.49 398.29 4.39 83
C20 32.76 197.23 4.29 91
C21 15.20 331.29 1.98 99
C22 23.32 317.53 1.87 98
C23 18.67 115.32 2.15 99
C24 19 153.93 4.93 99
C25 22.2 194.37 2.28 99
C26 20.07 665.85 4.23 98
C27 58.29 230.45 1.97 99
C28 53.21 187.19 2.78 99
C29 39.26 176.58 4.30 98
C30 22 487.37 2.99 99
C31 29.45 137.35 2.13 91
C32 153.05 165.39 2.87 99
C33 164.74 154.74 2.29 99
C34 172.21 128.25 2.47 99
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Milk Processing Environment Bacterial Community Composition 
The relative abundance of bacteria in each of the product contact surfaces 
(Zone 1 samples collected before cleaning) are shown in Figure 2. In the 
raw milk tank, higher abundance of Escherichia (69%) and Pseudomonas 
(11%) were observed, while the pasteurization vat, 3-way valve and filler 
nozzle contained Bacillus (53 -70%) and Paenibacillus (10 - 22%).
Figure 2 : Relative abundance of bacteria genus level in Zone 1 before and 
after cleaning
Zone 1 (after cleaning), the relative abundance of the bacterial population 
shown in Figure 2 the inside of the raw milk tank had high abundance 
of Escherichia 56% and Shigella 22%. Inside of the pasteurization tank 
predominated with 37% of  Shigella, Paenibacillus 34% and Bacillus 19%. 
Inside of the filler nozzle was inhabited by Bacillus 40%, Paenibacillus 32% 
and Shigella 27%.  The inside of the 3-way valve contained 66% Bacillus 
and 16% Shigella.  
Spoilage bacteria associated with fluid milk were found on the product 
contact surfaces after cleaning procedure. Genus such as Lysinibacillus, 
Paenibacillus, Viridibacillus and Carnobacter were present on product 
contact surfaces after cleaning which is similar to the dairy processing 
study conducted by Ivy et al. and Martinez et al. [23,24]. Lysinibacillus, 
Paenibacillus, Viridibacillusare  psychrotrops  and spore formers, hence 
they are resistant to heat treatment and can survive pasteurization 
procedure [25]. The current cleaning and pasteurization protocols followed 
in the processing plant was not effective in completely eliminating the 
dairy specific spoilage organisms. Transfer of  these bacteria to the final 
packed milk would result in spoilage and shorter shelf-life.
Zone 2 was defined as the non-product contact surface in close proximity 
to the product and the relative abundance of bacterial population before 
cleaning are shown in Figure 3. Escherichia and Bacillus was found as the 
predominant genus outside of the pasteurization vat and the conveyor 
belt. Carnobacterium (37.35%) and Escherichia (31.21%) were found 
on the outside of the raw milk tank.  The storage cart had Shewanella 
(22.33%) and  Acinetobacter (37.96%) as the major genera. The walk 
in cold room storage shelf showed a high abundance of Acinetobacter 
18.05%, Psychrobacter (16.05%) and Yersenia (10%). Outside of the filler 
nozzle, Aeromonas (26.04%), Psychrobacter (49. 45%) and Pseudomonas 
(13.07%) were the predominant bacteria. Outside of the 3-way valve had 
high levels of Bacillus (36%), Paenibacillus (21%). 
Figure 3 :Relative abundance of bacteria genus level in Zone 2 before and 
cleaning
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Zone 2, the non-product contact surface’s relative abundance of the 
bacterial population after cleaning shown in Figure 3. Outside of the 
raw milk tank were predominantly inhabited by with Burkolderia 24%, 
Bacillus 19% and Shigella 9%. The outside of the pasteurization unit had 
42% Aerococcus, Pseudomonas 37% and 10% of Shigella. The conveyor 
belt had with 61% of Bacillus and 28% of Shigella. The storage crate 
had 49 % Shigella and 22% Psychrobacter. The storage crate and walk in 
cold room shelf had 49-38% Shigella. The outside of the filler nozzle was 
predominantly 44.09% Aeromonas and 13% of  Shigella. The outside of the 
3-way way valve had 29% Enterobacter and 21% Shigella.
Zone 3 was defined as the zone which is further away and not in contact 
with the product, and the relative abundance of the bacterial population 
resent in this area before cleaning are shown in Figure 4. The high risk 
drain lid and the liquid showed a high abundance of Bacillus (54-38%). 
In addition, the drain liquid had Shigella (30%). The production floor was 
predominated with Pantoea (18%), Flavobacterium (13%) and Bacillus 
(17%). 
Zone 3, relative abundance of the bacterial population after cleaning 
are shown in Figure 4, the production floor contained Shigella 52 % and 
Trichococcus 30%. The high risk drain lid had 37% Enterococcus and 
Shigella 14%. The high risk drain liquid predominated with 36% Shiegella 
and 10% Exiguobacterium. 
Figure 4  : Relative abundance of bacteria genus level in Zone 3 before 
cleaning
In general, the milk processing environment sampled after the cleaning 
procedure had varying relative abundances of bacterial communities 
when compared to bacterial communities before cleaning.
The quality of the water used in cleaning is often overlooked unless visibly 
turbid. The source of the water can determine the quality and levels of 
microorganism present. Hence, it is essential to periodically check for the 
levels of microorganisms present in the water source used in cleaning, to 
avoid unintended spread of spoilage or pathogenic microorganisms in the 
processing facility as a result of cleaning. Water samples were not included 
in this study; however, it would be ideal to include them in the sampling 
plan for future study to assess the quality of the water used in cleaning. 
Zone 4 was defined as the area outside of the production floor and farthest 
away from the product contact surface. The access way and service area 
were primarily composed of  Enterococcus (43%) and Carnobacterium (55 
-33%).
Personal protective equipment (Figure 5) that was sampled comprised of 
apron, boots and gloves. The boots contained mainly Aeromonas (21%), 
Pantoea (11%) and Streptococcus (13%) and Listeria (4%). The gloves had 
Aeromonas (38%), Acinetobacter (28%) and Enterococcus (17%). The apron 
also contained high levels of Aeromonas (47 %), but also Enterococcus 
(23%) and Pseudomonas (22%).
Figure 5: Donut chart of relative abundance of bacteria genus level in 
personal protective equipment
Aeromonas, Pseudomonas and Enterococcus were found in all the PPE 
tested. The presence of these organisms indicate poor hygiene practices 
[26]. The findings indicate the necessity for regular change of gloves, and 
more frequent cleaning and sanitizing of aprons and boots. Yersinia was 
found on the gloves, but were not found on the product contact surfaces. 
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Listeria was found on boots but were not found on product contact 
surface. Some strains of Listeria and Yersinia are pathogenic [27,11] and 
their presence on PPE in the present study is a cause for concern. Stringent 
cleaning procedures have to be followed by the processing personnel to 
avoid cross-contamination of the product due to lack of hygiene. This 
study indicated these practices were either not being properly followed, 
or inadequate.
Beta Diversity Patters
Beta diversity results were based on un weighted Uni-Frac analysis, 
the results indicated that the various zones in the fluid milk processing 
environment were distinct and separated based on their activity as seen 
in Figure 6.
Figure 6 : Principal coordinate analysis of jackknifed unweighted UniFrac 
distances for the 16S rRNA gene sequence data zone 1, 2, 3 and 4 after 
cleaning
UniFrac distance comparing the different zones confirms overlaps 
between   Zone 1,2 and3.  The non-product contact surface Zone 3 and 4 
had overlapping OTUs. Zone 1 and 2 had significant overlapping bacterial 
communities (p<0.05). While there no significant overlaps between zone 
1,and zone 4. 
Zone 1, the product contact surface formed two clusters, cluster 1 with 
the OTUs from the Zone 1 and cluster 2 with OTUs similarities shared 
with zone 1, zone 2 zone 3 (Figure 6).Sharing of the OTU’s between the 
different zones within the processing facility, confirms the hypothesis that 
the processing environment’s microbiome is shaped by the activity that is 
carried out in the processing facilities [11,28,14].
Zone 4 that was outside of the processing facility did not share any OTUs 
with zone 1. Zone 3 within the processing facility shared OTUs with zone 
4 and formed cluster 3, but the overlaps were not significant (Figure 5). 
The sharing of OTUs between zone 3 and 4 could be related to the facility 
workers transferring the microbiome between zones. Hence it is vital for 
the processing facility workers to sanitize their boots and hands and wear 
clean personal protective equipment (PPE) before entering the processing 
area. Lack of good personal hygiene and improper PPE can transfer the 
microbiome from zone 4 to zone 3. It would not take long for micro 
organisms  from zone 3 which is within the facility to transfer to zone 1 
and 2 and finally to the product. 
The FSMA’s new addition of mandatory environmental surveillance and 
FDA swab-a-thonshave prompted food processors to step-up their internal 
surveillance strategies. In addition, the cost of genomic sequencing has 
been scaled down in the recent years making periodic surveillance of 
the facility affordable [29]. This would provide a better understanding 
of the niche of spoilage and pathogenic microorganism and the complex 
microbial matrix in which the microorganism is present. From the many 
cases reported by FDA, there is a pattern indicating that many food 
production facilities could have harborage points and niches that protect 
pathogens from being removed through standard cleaning protocols [29]. 
In this study, taking advantage of the amplicon met genomics, 
environmental surveillance of the facility was monitored for the changes 
in microbial population before and after cleaning in a food processing 
facility. The study recommends regular testing for the efficacy of the 
cleaning and sanitizers and regularly changing the cleaning and sanitizing 
agents to avoid establishing resistant microflora in the facility. Establishing 
stringent rules for PPE to be cleaned and practiced by the food processing 
facility personals to avoid cross-contamination to the product. More 
frequent and robust cleaning of zone 4 (which is outside of the product 
processing area) could assist in preventing contaminants from entering 
the processing floor. Understanding the microflora of the processing 
facility would help in curtailing any potential pathogen or spoilage 
microorganism from entering the product and help in tailoring cleaning 
program specific to the processing facility [30,31,32].   
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